Abstract-This paper presents a novel single-stage singleswitch power factor correction (PFC) converter. The proposed topology is derived by combining a boost cell and a flyback cell into one power stage. In this converter, the transformer in the flyback cell has two-coupling primary windings, which have the same turns. Two bulk storage capacitors are used to store the power energy from the input source, and then feed one primary winding of the transformer respectively. In addition, the two capacitors can absorb the leakage inductances energy and clamp the voltage of power switch. Compared with using one bulk capacitor, the voltage across each capacitor here is lower, only half of the line voltage. This converter will potentially have low switch voltage stress, good regulation capability and high efficiency. To verify the performance of the proposed converter, a design example is given with its experimental results.
I. INTRODUCTION
With the development in advanced power semiconductor devices, more and more switching power supplies are used in modern power system. Due to their nonlinear behavior, distorted currents will be introduced from the line, resulting in high total harmonic distortion and low power factor [1] , [2] .
To deal with this problem, active power factor correction (APFC) techniques are used to achieve low THD and high power factor in most applications. Generally, the APFC techniques can be categorized into single-stage PFC scheme and two-stage PFC scheme according to their system configurations [3] . The twostage PFC scheme is used most commonly [4] , [5] , in which a power factor correction circuit is placed in front of a dc/dc converter. The two stages can be controlled independently by using two controllers, and thus both stages can be optimized. Due to its characteristic, the twostage scheme has such superior performance as high power factor, low current harmonics, and fast output voltage regulation. Nevertheless, it has obvious drawbacks. The complicated power stage topology and control circuits result in high cost and large size, particularly in low power applications. To overcome these shortcomings of twostage scheme, many feasible single-stage circuits have been developed [6] - [10] . For the single-stage scheme, it combines the PFC circuit and the dc/dc converter into one power stage, and typically uses only one controller and share power switches. Due to its simplified circuit configuration, the one-stage scheme makes it attractive in low cost and low power application. Unfortunately, this scheme suffers from such drawbacks as limited regulation capability in respect that the power switch performs both PFC and regulation purposes, as a result, the voltage on storage capacitor varies with the load and line variation.
A converter, which consisting of a boost cell and a flyback cell, is proposed in the paper. This converter utilizes two bulk storage capacitors to store power energy from input source, and then feed the two primary windings of the flyback transformer. In addition, the two capacitors can absorb the leakage inductances energy and clamp the voltage of power switch at the sum of two capacitors voltages. The experimental results for a 40W converter at a constant switching frequency of 50kHz have been obtained to verify the performance of the proposed converter.
The topology of this converter and the principle of operation are introduced in the next section. In section III, the design procedure of this converter will be given. Section IV presents the experimental results which are provided to verify the converter operation. Finally, a conclusion is given in section V.
II. CIRCUIT TOPOLOGY AND CIRCUIT OPERATION
The circuit topology of the proposed converter is shown in Fig.1 The ideal waveforms and equivalent circuits of the proposed converter are depicted in Fig.2 and Fig.3 . Because the switching frequency is much greater than the line frequency, the line voltage is assumed to be constant during the switching period. In the equivalent circuits, the line voltage is represented by V s ( sin
, which is a rectified sinusoidal voltage. Inductances of the transformer windings are represented by L 1 , L 2 , and L 3 (L 1 = L 2 =L), the turn ratio of primary windings referring to secondary winding is considered as 1: 1: n, so L 3 is n 2 L. Capacitors C 1 and C 2 are designed to be large enough and equal. In the steady state analysis, voltage cross each capacitor serves as a dc source of flyback cell (
The four stages of operation are discussed as follow:
The stage as shown in Fig.3 (a) begins with the switch S turning on at t=t 0 . As diode D conducting, the source voltage V s is applied to inductor L boost , because the voltage V s is assumed to be constant, therefore the current i Lboost increases linearly. During this stage, the inductor L boost stores energy from input source. On the other hand, as the sources of flyback cell, the voltages on capacitors C 1 and C 2 are applied to windings inductors L 1 and L 2 respectively, so the currents through both inductors increase linearly, accordingly energy is stored in both inductors from capacitors. The induction voltage of secondary winding makes diode D 4 suffer from reverse bias voltage, so it is blocked, which results in no energy being transferred from the source to the load. This stage ends when the power switch turns off at t=t 1 . In the stage the following relations hold:
The duration of this stage is:
This stage is shown in Fig.3 (b) , at t=t 1 the power switch is turned off, and diode D 3 is turned on, the voltage of the power switch is clamped by the voltages of capacitors C 1 and C 2 at 2V C . The source energy and the energy stored in inductor L boost will be transferred to storage capacitors C 1 and C 2 , so the energy loss of capacitors during the stage 1 will be recovered. As the flyback cell, when the power switch turns off, the currents i L1 and i L2 decrease to zero immediately and energy stored in primary windings of transformer will be all transferred to the secondary winding, here the induction voltage of secondary winding makes diode D 4 conduct, thus energy will be transferred to load. As shown in Fig.2 
This stage is shown in Fig.3 (c) . In this stage, the current through inductor L boost continues to decrease linearly, capacitors C 1 and C 2 are still charged. Energy is prohibited from transfering to primary windings by diodes D 1 , D 2 here. This stage ends at t=t 3 when inductor current i Lboost reaches zero. The relation of i Lboost is the same as (4).
This stage is shown in Fig.3 (d) . This stage is known as a free wheeling stage, which is used for regulation purpose, it ends at t=t 4 when power switch is turned on.
The leakage inductances of transformer windings here are neglected in analysis of operation principle described above. In fact, the leakage inductances must exist. The current waveforms of the two primary windings are shown in Fig.4 . During the period of power switch turning on as stage 1 described above, energy is transferred to primary windings of transformer from capacitors C 1 and C 2 , and some energy must be stored in leakage inductances. When power switch is turned off, energy stored in leakage inductance of L 1 will be delivered to capacitor C 2 through diodes D 1 , D 3 quickly, and energy stored in leakage inductance of L 2 will be delivered to capacitor C 1 through diodes D 2 , D 3 too. So the currents through primary windings decrease dramatically as shown in Fig.4 . 
III. THE DESIGN PROCEDURE OF THE PROPOSED CONVERTER

A. Determine the maximal duty ratio max α and design the inductor L boost
In order to assure a high power factor, the inductor L boost must operate in discontinuous conduction mode (DCM). In all range of rectified sinusoidal input voltage, the elementary condition of the inductor L boost operating in DCM is that inductor L boost operates in the critical state of continuous conduction mode (CCM) and DCM at V in =V IN .
Because the switching frequency is much greater than the line frequency, the line voltage is assumed constant during the switching period, so at V in =V IN , max α can be obtained from (4) as follow:
From (1), I Lboost,max is obtained:
,max max
According to the power balance, input power must be equal to output power. The equation is given by (11),
where η is the efficiency of the converter. L boost is given by (12), which is derived from (10), (11),
B. Design the transformer As described above, V C1 and V C2 are the sources of primary winding L 1 and L 2 respectively, so the inductances of each primary winding L is determined by:
The turn number of each primary winding can be determined by:
Because the flyback transformer is operating in DCM, the turn number of secondary winding is determined by:
The air gap is determined by:
where I L,max can be obtained from (2) . Design here, some specifications are given as follow: 
IV. EXPERIMENTAL RESULTS
In order to verify the performance of the proposed converter, a prototype of 40W, 220V AC RMS to 15V DC converter operating at 50kHz was built. The parameters and devices are described above.
Experimental waveforms are depicted in Fig.5 . From  Fig. 5 (a) , it can be seen that the waveform of input current is also an approximate sine wave, which indicates this converter has a high power factor. The line voltage and inductor L boost current, voltage of the power switch and driver signal, windings currents and driver signal , are shown in Fig.5 (b) , (c), (d) respectively. A single-stage single-switch power correction (PFC) converter has been presented in this paper, which combines a boost cell and a flyback cell into one power stage. The converter has only one power switch to achieve both power factor correction and regulation purposes.
Two storage capacitors are used to improve the performance, so the converter can obtain high power factor, low switch voltage stress, good regulation capabilities and high efficiency. The experimental results of a 40W converter at a constant switching frequency of 50kHz show that it achieves power factor of about 0.98, THD of 18.5% and efficiency of 79.01% under full load.
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